Feeding aphids on plants infected with carnation etched ring virus (CERV) or figwort mosaic virus (FMV) prior to feeding on plants infected with aphid nontransmissible isolates of cauliflower mosaic virus (CaMV) facilitated transmission. This indicates that CERV and FMV code for aphid transmission factors which can substitute for the defective factors in the non-transmissible CaMV isolates.
The caulimovirus group of plant viruses comprises 12 definitive or possible members (for recent review, see Hull, 1984) many of which are aphid-transmitted. Aphid transmission of the type member of the group, cauliflower mosaic virus (CaMV), requires a transmission factor (Lung & Pirone, 1973 , 1974 . This is most likely to be the virus-coded product, P18, from the gene II region of the viral DNA (Woolston et al., 1983; Armour et al., 1983; Girard et al., 1984; Daubert et al., 1983) .
Little is known about the aphid transmission characteristics or the genome organization of the other caulimoviruses. This paper reports on the results of experiments which indicate that two other caulimoviruses, carnation etched ring virus (CERV) and figwort mosaic virus (FMV), produce aphid transmission factors which will facilitate the transmission of CaMV isolates that are not normally transmissible by aphids.
The aphid non-transmissible isolates of CaMV, Campbell (Lung & Pirone, 1974; Woolston et al., 1983) , CM4-184 (Lung & Pirone, 1973) and A5 (Woolston et al., 1983) , were maintained in turnip, Brassica rapa cv. Just Right. CaMV CM4-184 and A5 isolates have deletions of 421 and 126 bp respectively in the gene II region (Howarth et al., 1981 ; Woolston et al., 1983) ; Campbell isolate does not have deletions in gene II and the reason for its non-transmissibility is unknown (Woolston et al., 1983) . CERV, isolate CEI, and FMV, isolate FM4, from recombinant clones of viral DNAs were grown in Saponaria vaccaria and Datura stramonium respectively. Myzus persicae (Sulz.) obtained from Dr A. Cockbain (Rothamsted Experimental Station, Harpenden, Hefts., U.K.) were bred on turnip, D. stramonium and S. vaccaria. Aphids that had been starved for 2 to 4 h were allowed a virus acquisition feed of 2 min on detached leaves in Petri dishes; sequential acquisition feeds were for 2 rain each. After being caged on test plants for 18 h at 22 °C, the aphids (approx. 25 per plant) were killed with Mevinphos (Shell "Phosdrin'). Plants were then maintained in the glasshouse at approximately 22 °C with supplementary lighting when necessary to give a daylength of 16 h. Experiments usually consisted of testing more than 100 aphids on five test plants. Except in three cases (see Table l ) all experiments were repeated at least twice. Plants were observed for symptoms, and samples of plants not showing symptoms were tested for the appropriate virus by dot blot assay (Maule et al., 1983) . Infections with CaMV A5 were also confirmed by rapid preparation of viral DNA (Gardner & Shepherd, 1980) followed by restriction endonuclease analysis. Table 1 summarizes the results of the transmission experiments. CERV and FMV were transmissible to S. vaccaria and D. stramonium respectively but could not be detected in turnips. None of the three CaMV isolates was aphid-transmissible even when large numbers (200 to 500) of aphids were used. The race of M. persicae was efficient at transmitting non-defective isolates of CaMV (all plants were infected with CaMV Cabb B-JI isolate when 20 aphids per plant were 0000-6452 © 1985 SGM Short communication Results of different experiments were combined.
used). However all three defective isolates of CaMV were transmitted to turnip plants if the aphids had been fed on CERV-or FMV-infected leaves before being fed on CaMV-infected leaves. In plants showing symptoms, CaMV but neither CERV nor FMV could be detected by dot blots; no virus was detected in plants not showing symptoms. DNA from virus isolated from plants infected by aphids with CaMV isolate A5 after sequential feeding had the expected deletion in the gene II region. Aphids did not transmit CaMV A5 directly from such plants.
If the feeding sequence was reversed and aphids were fed on defective CaMV prior to feeding on FMV-infected leaves, no transmission of CaMV occurred (Table 1) . This is similar to the observation by Lung & Pirone (1974) who showed that for successful transmission of CaMV, aphids had to have access to the transmission factor before access to the defective isolate, a feature probably common to all transmission-helper systems (Pirone, 1977) . Table 1 also shows that combinations of isolates of CaMV with deletions in the gene II region (A5 and CM4-184) with the isolate without such a deletion (Campbell) were not aphidtransmissible.
Symptoms of the CaMV isolates or of FMV appeared in their respective host plants 3 to 5 days sooner after aphid transmission than they did after sap transmission (12 to 15 days after inoculation). It is not known if this is due to aphids delivering more virus to the plant or delivering it to a more suitable place for multiplication.
The data in Table 1 show that CERV-and FMV-infected plants contain a factor which substitutes for the defective aphid transmission factor in the CaMV isolates. There is little sequence homology between the DNAs of these viruses Richins & Shepherd, 1983) . Thus, when sequence information is available for CERV and FMV DNA it will be interesting to see if the sequences contain a region analogous to CaMV coding region II. Moreover, similarities and differences between the amino acid sequences of the protein coded for by this region might throw some light on the mechanism of action of the caulimovirus aphid transmission factor.
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